Polymorphisms in exon 1 of the MBL-2 gene, resulting in reduced plasma levels of mannose binding lectin, were significantly overrepresented in 23 patients with primary antibody deficiency and culture-proven mycoplasma infections (P ‫؍‬ 0.0038). This association persisted with the inclusion of a further nine suspected (doxycycline-responsive) cases (P ‫؍‬ 0.0087). The lectin was shown to bind to three strains of mycoplasma.
Patients with primary antibody deficiency (PAD) are susceptible to mycoplasma infection (2) , and the most common presenting feature is arthritis, often involving large joints (1) . Although antibody deficiency is the major susceptibility factor, there must be cofactors that determine significant infection.
Mannose binding lectin (MBL) is an oligomeric protein able to bind to repeating sugar arrays present on a variety of microorganisms (11) . It has similarities in structure to C1q and can activate complement in the absence of antibody and the C1 complex. Three allelic variants in the coding region of the MBL gene have been described, and they are associated with low plasma levels of oligomeric MBL. These mutations in codons 52 (D variant), 54 (B variant), and 57 (C variant) cause disruption of the collagenous triple helix, which is critical for oligomerization. Polymorphisms in the promoter region also influence the serum MBL level (7) .
Against this background, using a large cohort of PAD patients having either common variable immunodeficiency (CVID) or X-linked agammaglobulinemia (XLA), we have investigated a possible role for MBL in protecting patients from overt mycoplasma infection.
Whole-blood samples for DNA extraction were obtained from 32 patients with either proven or probable mycoplasma infections. Eleven of these patients had X-linked agammaglobulinemia (XLA confirmed by mutation screening of the Btk gene) and were attending clinics at The Royal Free Hospital, London, United Kingdom; Great Ormond Street Hospital for Children, London, United Kingdom; and Huddinge Hospital, Sweden. The remaining 21 samples were from patients with CVID who were attending clinics at the Royal Free Hospital. The diagnosis of CVID was made in accordance with International Union of Immunological Societies criteria (3) , and all patients were established on regular immunoglobulin therapy.
Mycoplasma infection was confirmed by positive culture from synovial fluid, synovial biopsy, urine, urethral swab, or lung biopsy (1, 2) . For one patient, the diagnosis was confirmed by PCR for ureaplasmas. Mycoplasma infection was defined as probable when the clinical course was typical, with negative routine bacterial cultures and a good response to doxycycline. Culture for mycoplasmas either was unavailable for these patients or was negative, possibly because of sampling difficulties, prolonged transport, or limited laboratory culture techniques.
The Avon Longitudinal Study of Parents and Children was set up as a multifaceted study on approximately 14,000 children (http:/www.alspac.bris.ac.uk), and a subset of individuals has been genotyped for all known structural and promoter polymorphisms of the MBL gene and was used as the "normal" control group in this study.
DNA was extracted by using standard techniques from heparinized or EDTA-anticoagulated venous blood. Genotyping was performed as described by Jack et al. (4) and Turner et al. (12) .
Mycoplasma A39 (NCTC 11740) and Mycoplasma pneumoniae strain 5167 were provided by Mycoplasma Experience Ltd., Reigate, United Kingdom. These strains and Mycoplasma hominis (NCTC 10111) and Mycoplasma orale (a clinical isolate) were cultured at 36°C in 50-ml volumes of Mycoplasma liquid medium (ML5A) supplied by Mycoplasma Experience or modified SP4 broth (made in house). Cultures were harvested when the density of mycoplasma organisms was sufficient, as indicated by a color change (10) .
The binding of MBL to bacteria was determined by modification of a procedure described previously (5) . Briefly, a suspension (50 l) of the mycoplasma organisms was centrifuged at 12,000 ϫ g for 2 min in a microcentrifuge, and the pellet was resuspended in Hanks balanced salt solution (HBSS) without phenol red containing MBL purified according to the method of Jack et al. (6) (5 g/ml) for 30 min at 37°C. Following further centrifugation at 12,000 ϫ g for 2 min, the cell pellet was washed with 200 l of HBSS before resuspension in HBSS containing fluorescein isothiocyanate-anti-MBL. After incubation at 37°C for 30 min, the mycoplasma preparations were pelleted (12,000 ϫ g, 2 min) and washed. Samples were prepared for flow cytometry by resuspension in 200 l of phosphate-buffered saline and fixed by the addition of 200 l of Cell-Fix (in the proportion of 1:10) (catalog no. 340181; Becton Dickinson). An aliquot of 10 l of propidium iodide was added to each sample before analysis. Organisms were identified by forward and side scatter to select particles of between 0.4 and 0.6 m. Further gating to include only propidium iodide-positive events was used to exclude nonbacterial particles. The specificity of binding was examined by preincubating the MBL (5 g/ml) at 37°C for 10 min with EDTA (5 mM), galactose (25 mM; Sigma), or mannose (25 mM; Sigma).
A total of 32 patients with either a confirmed or probable diagnosis of mycoplasma infection were identified. A variety of mycoplasmas, including M. hominis, M. pneumoniae, Mycoplasma salivarium, Ureaplasma urealyticum, and Mycoplasma maculosum, were isolated from either joints or urogenital or respiratory tracts. Patients were genotyped for all known exon 1 and promoter polymorphisms. There was a statistically significant increase in MBL exon 1 mutations in patients with microbiologically proven mycoplasma infections (P ϭ 0.0038) and also in such patients when a mycoplasma infection was either proven or probable (P ϭ 0.0087) ( Table 1) . Indeed, more than two-thirds of patients with mycoplasma infections had genotypic MBL deficiency (compared with one-third in the general population). These significant differences were not enhanced when promoter polymorphisms were also included in the analysis, probably reflecting the small size of the cohort.
Flow cytometry was used to investigate the interaction of MBL with various mycoplasma strains (Fig. 1) . In our previous studies using other bacteria (9), extensive washing was required to remove nonspecific binding of the fluorescein iso- thiocyanate-conjugated-MBL-specific antibody. Such treatment of mycoplasma preparations resulted in considerable disruption of the microorganisms, and as such, there was always some binding of the MBL detector antibody in the absence of MBL. However, when M. pneumoniae organisms were incubated with MBL, there was evidence of a log shift in median fluorescence intensity (Fig. 1b) . Similarly, with M. hominis (Fig. 1c) and M. orale (not shown) organisms, there was a clear increase in the median fluorescence intensity. However, in the case of the A39 NCTC11740 strain (Fig. 1d ), no such shift was seen. The specificity of the MBL binding observed with M. hominis, M. orale, and M. pneumoniae organisms was investigated by using various inhibitors (Fig. 2) . For each of the three strains, 5 mM EDTA and 25 mM mannose inhibited binding of the lectin, whereas 25 mM galactose had no effect. These results are characteristic of a C-type lectin.
The mycoplasma strains most commonly isolated from joints and abscesses are M. hominis, M. pneumoniae, Ureaplasma urealyticum, M. salivarium, and M. orale strains. Apart from M. pneumoniae, most of the other organisms are considered to be commensals or semicommensals with low pathogenicity. Little is known of the sugar repertoire of mycoplasmas, but we detected MBL binding to three of four strains tested, and inhibition studies were compatible with the presence of mannose or N-acetylglucosamine residues on the surface of mycoplasmas.
How might MBL protect against mycoplasma infection? All of the mycoplasmas tested, except for mycoplasma A39, can invade mucosal surfaces and spread systemically in susceptible PAD patients. MBL may help prevent invasive disease by inhibiting growth, similar to the way in which specific antibody can inhibit growth in vitro. The failure of MBL to bind to mycoplasma A39, a novel organism recently found in the sputa of many PAD patients, is interesting because this mycoplasma appears to have low pathogenicity and does not spread systemically. This is the first study to show a role for MBL in mycoplasma infection, which can be very difficult to treat once the infection has spread systemically. In the future, it may be possible to increase the plasma level of MBL by regular infusion of either recombinant or plasma-derived material (13) in order to protect and treat those PAD patients with recurrent mycoplasma infections.
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